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SPECIFICATION 
PWM INVERTER CONTROL APPARATUS AND CONTROL METHOD 

" <TECHNICAL FIELD> 

The present invention relates to a PWM inverter control 
apparatus and more particularly to a multilevel PWM inverter 
control apparatus in which four switching units are connected 
in series for each layer between a DC bus voltage having a plus 
level and a DC bus voltage having a minus level. 
BACKGROUND ART> 

In order to control the rotating speed of an AC motor, 
a PWM inverter control apparatus has widely been used. In the 
case in which the output current of the PWM inverter control 
apparatus is increased for some abnormality, it is necessary 
to limit the output current or to carry out a protecting 
operation in order to obtain the safety of the PWM inverter 
control apparatus and the safety of equipment to be connected 
as a load. In order to implement such a protecting operation, 
conventionally, the safety has been ensured by using a base 
block operation for cutting off a gate signal to control ON/OFF 
of a switching unit and bringing all of the switching units into 
an OFF state, thereby carrying out a protection. 

An operation for detecting the abnormality of an output 
current to carry out a protection in such a conventional PWM 
inverter control apparatus is shown in a flowchart of Fig. 4. 
First of all, the output current is detected and a current value 
thereof is set to be I (Step 41), and the current value I is 
compared with a preset reference value I th (Step 42) . At the 
Step 42, a normal run. is carried out (Step 43) if the current 
value I is smaller than the reference value I th , and a base block 
operation is carried out (Step 44) if the current value I is 
equal to or greater than the reference value I th . When a next 
control cycle comes, the current value I is compared with the 
reference value l th in the same manner and the base block 
operation is continuously carried out until the current value 
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I is smaller than the reference value I th . 

According to such a conventional PWM inverter control 
apparatus, in the case in which some abnormality is generated 
so that an output current is increased, the base block operation 
is carried out so that the protecting operation is performed. 
However, there has been proposed a multilevel PWM inverter 
control apparatus for switching an output voltage among three 
levels having a positive, an intermediate potential and a 
negative in order to reduce a harmonic component which is 
generated in addition to a PWM inverter control apparatus for 
switching an output voltage between two levels having the 
positive and the negative. 

In the multilevel PWM inverter control apparatus, only 
a voltage which is a half of the voltage of a DC power supply 
is applied to both ends of each switching unit. For this reason, 
the breakdown voltage of each switching unit is a half of the 
voltage of the DC power supply, when the voltage of the DC power 
supply is exactly applied to both ends, an overvoltage breakdown 
is caused. In such a multilevel PWM inverter control apparatus, 
a large number of switching units are to be switched so that 
a structure is complicated. Therefore, a problem arises in the 
case in which the protecting operation is carried out through 
a base block. This problem is that the operation timing of each 
switching unit is shifted when the normal operation is changed 
to the base block operation and when the base block operation 
is changed to the normal operation, and a voltage which is at 
least a double of a normal voltage is applied to one switching 
unit, resulting in the generation of the overvoltage breakdown. 

For example, in the case in which three of the four 
switching units connected in series are turned ON at the same 
time, the voltage of the DC power supply i s exactly applied to 
the residual switching unit so that a breakdown is caused. 

In order to prevent such a bad influence, as described 
in JP-A-10-1648S4 publication, there has been proposed a method 
of detecting an abnormal state when a switching unit is broken 
down due to a power short circuit or an overcurrent and delaying 
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a timing for cutting off a specific switching unit in order to 
prevent the further breakdown of the switching unit due to an 
overvoltage. 

According to such a method of delaying a timing for cutting 
off a specific switching unit, it is possible to prevent the 
breakdown of the switching unit to protect an apparatus. In 
the case in which a multilevel PWM inverter control apparatus 
is to be protected safely and a smooth reset to a normal run 
is to be implemented, however, it is necessary to carry out a 
control in a very complicated timing. 

In the case in which an abnormality such as an overcurrent 
which is detected is temporarily caused, moreover, a smooth 
reset from the protecting operation to the normal operation is 
required. However, it is hard to smoothly carry out the reset 
to the normal operation in the protecting method using a base 
block in which all of the switching units are turned OFF, and 
furthermore, a protecting method of delaying a timing for 
cutting off a specific switching unit. 

The conventional multilevel PWM inverter control 
apparatus has the following problems. 

(1) In the case in which only the protecting operation 
using the base block is carried out, there is a possibility that 
an overvoltage might be applied to the switching unit, resulting 
in a breakdown. 

(2) In the case in which the breakdown of the switching 
unit is to be prevented in order to delay a timing for cutting 
off a specific switching unit, a control algorithm becomes 
complicated. 

(3) in the case in which the protecting operation for 
bringing all of the switching units into an OFF state is carried 
out, it is hard to smoothly perform the reset from the protecting 
operation to the normal operation. 

It is an object of the invention to provide a multilevel 
PWM inverter control apparatus which can implement, in a simple 
algorithm, a protecting operation capable of safely carrying 
out switching from a normal operation to a protecting operation 
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and ensuring the safety of an inverter body also when performing 
a reset from the protecting operation to the normal run, and 
furthermore, safely supplying a power to equipment to be 
connected as a load. 
' <DISCLOSURE OF THE INVENTION> 

In order to attain the object, the invention provides a 
PWM inverter control apparatus in which four switching units 
are connected in series for each phase between a DC bus voltage 
having a plus level and a Dc bus voltage having a minus level, 
comprising: 

a current detecting circuit for detecting a current value • 
of an output current; and 

a controller for outputting a zero vector to be started 
from an 0 state in which all phases are turned ON by second and 
third switching units from the DC bus voltage side having the 
plus level to output an intermediate potential to be a voltage 
between the plus and minus levels of the DC bus voltage when 
the current value measured by the current detecting circuit is 
equal to or greater than a first reference value which is preset 
and has a lower level than a level of a second reference value 
which is higher than a level of the first reference value, 
carrying out a base block operation for bringing all of the 
switching units into an OFF state after outputting the zero 
vector when the current value is equal to or greater than the 
second reference value and has a lower level than a level of 
a third reference value which is higher than the level of the 
second reference value, and executing an emergency stop when 
the current value is equal to or greater than the third reference 
value . 

According to the invention, when a current value I 
detected by the current detecting circuit is equal to or greater 
than a first current value, the base block operation or the 
emergency stop operation is always carried out after the zero 
vector state to be started from an 000 state is brought. If 
the state of the switching unit which is obtained immediately 
before the execution of a protecting operation is any of P, N 
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and O, therefore, a change in a voltage is reduced to a half 
of the voltage of a DC power supply so that the switching unit 
can be prevented from being broken down due to an overvoltage. 

Moreover, the states of P, M and O are used also in a normal 
operation. Therefore, it is possible to smoothly carry out a 
reset from a zero vector state of PPP, OOO or NNW to a normal 
operation and to perform the protecting operation without 
requiring a complicated algorithm. 

Furthermore, the controller may carry out a reset to a 
normal operation after performing a zero vector output 
operation when executing the reset to the normal operation after 
carrying out the base block operation ♦ 

According to the invention, when a reset from the 
protecting operation to the normal operation is to be carried 
out, a zero vector output operation is always performed. 
Therefore, it is possible to prevent the switching unit from 
being broken down due to an overvoltage when carrying out the 
reset from the protecting operation to the normal operation. 

Moreover, the invention provides a PWM inverter control 
apparatus in which four switching units are connected in series 
for each phase between a DC bus voltage having a plus level and 
a DC bus voltage having a minus level, comprising: 

a current detecting circuit for detecting a current value 
of an output current; and 

a controller for outputting such a zero vector as to bring 
an O state in which all of phases are turned ON by second and 
third switching units from the DC bus voltage side having the 
plus level to output an intermediate potential to be a voltage 
between the plus and minus levels of the DC bus voltage and then 
carrying out a base block operation for bringing all of the 
switching units into an OFF state when the current value 
measured by the current detecting circuit is equal to or greater 
than a preset reference value, and for outputting such a zero 
vector as to bring all of the phases into the O state and then 
performing a reset to a normal run when the current value is 
smaller than the reference value. 
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According to the invention, when the normal operation is 
switched to the protecting operation based on the base block 
operation, setting is carried out to always bring a zero vector 
state started from an OOO state when performing a reset from 
the protecting operation to the normal operation. In the 
switching from the normal operation to the protecting operation 
and the reset from the protecting operation to the normal 
operation, therefore, it is possible to prevent the switching 
unit from being broken down due to an overvoltage. 

In addition, the zero vector- may be started from an OOO 
state in which all of the phases are turned ON by the second 
and third switching units from the DC bus voltage side having 
the plus level to output the intermediate potential to be the 
voltage between the plus and minus levels of the DC bus voltage, 
and 

may be always brought into the 000 state between a PPP 
state in which all of the phases are turned ON by first and second 
switching units from the DC bus voltage side having the plus 
level to output the plus level of the DC bus voltage and an NNN 
state in which all of the phases are turned ON by third and fourth 
switching units from the DC bus voltage side having the plus 
level to output the minus level of the DC bus voltage. 
<BRIEF DESCRIPTION OF THE DRAWINGS> 

Fig* 1 is a block diagram showing the structure of a PWM 
inverter control apparatus according to a first embodiment of 
the invention • 

Fig. 2 is a flowchart showing a PWM inverter control method 
according to the first embodiment of the invention. 

Fig. 3 is a flowchart showing a PWM inverter control method 
according to a second embodiment of the invention. 

Fig. 4 is a flowchart showing a conventional PWM inverter 
control method. 

In the drawings, 1 denotes a controller, 2 denotes a 
current detecting circuit, 3 denotes a DC power supply, 41 to 
44 denote a step, 11 and 12 denote a voltage dividing capacitor, 
101 to 112 denote a switching unit, 201 to 212 denote a free 
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wheel diode, and 301 to 306 denote a clamp diode. 
<BEST MODE FOR CARRYING OUT THE INVENTION> 

Next, embodiments of the invention will be described in 
detail with reference to the drawings. 
(First Embodiment) 

Fig. 1 is a block diagram showing the structure of a PWM 
inverter control apparatus according to a first embodiment of 
the invention. 

The PWM inverter control apparatus according to the 
embodiment is constituted by a controller 1, a current detecting 
circuit 2, a DC power supply 3, smoothing capacitors 11 and 12, 
switching units 101 to 112, free wheel diodes 201 to 212, and 
intermediate level outputting clamp diodes 301 to 306. 

The controller 1 controls a gate signal input to the gate 
of each of the switching units 101 to 112, thereby controlling 
the timing of ON/ OFF of each of the switching units 101 to 112. 
The current detecting circuit 2 measures the current value of 
a current output from the PWM inverter control apparatus. 

In the PWM inverter control apparatus, four switching 
units are connected in series for each phase. In a circuit 
constituted by the four switching units 101 to 104, for example, 
a positive voltage is output when the switching units 101 and 
102 are turned ON, an intermediate potential is output when the 
switching units 102 and 103 are turned ON, and a negative voltage 
is output when the switching units 103 and 104 are turned ON. 

In the following description, assuming that four of the 
switching units 101 to 112 which are connected in series make 
a set to be a phase and are indicated as SI, S2, S3 and S4 from 
an upper side, a state in which two upper switching units SI 
and S2 are turned ON is represented as a P state in which the 
plus level of a DC bus voltage is output, a state in which two 
middle switching units S2 and S3 are turned ON is represented 
as an O state in which a neutral voltage subjected to capacitor 
dividing is output, and a state in which two lower switching 
units S3 and S4 are turned ON is represented as an N state in 
which the minus level of a DC bus is output. 
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The controller 1 according to the embodiment brings the 
state of each phase into a state of P, N or 0 during a normal 
operation, thereby controlling an output voltage to a motor. 
In the embodiment, when carrying out a protecting operation, 
the controller 1 controls each switching unit to bring a zero 
vector state, thereby protecting each switching unit and 
equipment to be connected. The zero vector state implies a 
state in which the output voltage of each phase is set to have 
the same level. In the case in which a three-phase multilevel 
PWM inverter control apparatus is taken as an example and each 
phase is described in order, the zero vector state includes 
three types of states of PPP, OOO and NNN. 

Since the PWM inverter control apparatus according to the 
embodiment shown in Fig. 1 has features in only the control 
algorithm of the controller 1 and other circuit structures are 
the same as those in a conventional multilevel PWM inverter 
control apparatus, detailed description thereof will be 
omitted. 

Next, the operation of the multilevel PWM inverter 
control apparatus according to the embodiment will be described 
in detail with reference to a flowchart of Fig. 2. 

First of all, an output current is detected by the current 
detecting circuit 2 and a current value thereof is set to be 
I (Step 21), and the controller 1 compares the current value 
I with a first reference value I 2 which is preset {Step 22) . 
If the current value I is smaller than the first reference value 
Ii at the Step 22, the controller 1 carries out a normal run 
(Step 23) . If the current value I is equal to or greater than 
the first reference value Ii at the Step 22, the controller 1 
stops the normal operation and switching to an operation for 
outputting a zero vector is carried out for a safety. 

Description will be given to the operation for outputting 
a zero vector. The controller 1 switches the vectors of PPP, 
000 and NNN in order and outputs them, and sets to always output 
the zero vector from the OOO when carrying out the switching 
to the operation for outputting the zero vector. The reason 
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is as follows, A pulse pattern obtained immediately before 
outputting the zero vector cannot be predicted. In the case 
in which the PPP and the NNN are output at the beginning when 
the switching to the operation for outputting the zero vector 
is carried out, therefore, a voltage to be applied to the 
switching unit is suddenly changed and the ON/OFF timing of the 
switching unit is varied. Consequently, a full voltage is 
applied to one switching unit in the worst state, resulting in 
the breakdown of equipment. 

For example, in the case in which four switching units 
for a certain phase are set to the P state, a voltage is changed 
from a plus level to a minus level so that a fluctuation in a 
voltage corresponding to the voltage of the DC power supply 3 
is generated when the state of the switching units for the same 
phase is brought into the N state as a protecting operation. 
To the contrary, in the case in which the states of four switching 
units for a certain phase are set to the N state, a voltage is 
changed from the minus level to the plus level so that a 
fluctuation in the voltage corresponding to the voltage of the 
DC power supply 3 is generated when the states of the switching 
units for the same phase are brought into the P state as a 
protecting operation. On the other hand, in the case in which 
the state of a switching unit for a certain phase is set to the 
O state, a change in a voltage is a half of the voltage of the 
DC power supply 3 at a maximum when a state obtained immediately 
therebefore is any of P, N and O. Even if the ON/OFF timing 
of the switching unit is varied, thus, only the half of the 
voltage of the DC power supply 3 is applied to one switching 
unit. 

In the case in which the zero vector of the NNN is output 
immediately after the output of the zero vector of the PPP and 
the reverse case thereto, moreover, there is a danger that a 
full voltage might be applied to one switching unit due to the 
variation in the ON/ OFF timing of the switching unit as 
described above. Therefore, the vector of the OOO is set to 
be output before or after the output of the zero vector of the 
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PPP or NNN, which is safer. 

Next, the controller 1 outputs the zero vector at Step 
24 and then compares the output current value I which is detected 
with a second reference value I 2 (Step 25) . If the current value 
: I is smaller than the second reference value I 2 at the Step 25, 
an operation for outputting the zero vector is continuously 
carried out (Step 26) and a return to the processing of carrying 
out a comparison with the first comparison value Ii is performed 
(Step 22) . If the current value I is smaller than the first 
reference value I x at the Step 22, a reset to the normal run 
is carried out (Step 23) . If the current value I is equal to 
or greater than the first reference value I 1/ the operation for 
outputting the zero vector is continuously carried out. If the 
current value I is equal to or greater than the first reference 
value Ii and is smaller than the second reference value I 2 , 
accordingly, the zero vector is continuously output. 

In the comparison between the current value I and the 
second reference value I 2 at the Step 25, if the output current 
value I which is detected is equal to or greater than the second 
reference value I 2 , the controller 1 compares the current value 
I with a third reference value I 3 (Step 27) . If the current 
value I is smaller than the third reference value I 3 at the Step 
27, the controller 1 carries out a base block operation for 
stopping the operations of all of the switching units 101 to 
112 (Step 28) . After the processing of the Step 28, then, a 
return to the processing of comparing the current value I with 
the second comparison value I 2 is carried out (Step 25) and the 
same processing as that described above is executed. If the 
current value I is equal to or greater than the second reference 
value I 2 , the base block operation is continuously carried out. 
If the current 1 is equal to or greater than the second reference 
value I 2 and is smaller than the third reference value I 3 , 
accordingly, the controller 1 continuously carries out the base 
block operation. 

In the comparison of the current value I with the third 
reference value I 3 at the Step 27, if the current value I which 
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is detected is equal to or greater than the third reference value 
I 3 , the controller 1 stops the operation of the inverter as a 
final protection and gives an alarm to confirm a whole safety 
and to carry out restarting (Step 29) . 

In the processing described above, in the case in which 
the protecting operation using a base block is carried out and 
a return from the state in which all of the switching units 101 
to 112 are turned OFF to the normal operation is performed, there 
is a possibility that a shock might be generated depending on 
the situation of a motor to be connected to equipment if the 
reset to the normal operation is directly performed. For this 
reason, the controller 1 is set to carry out the base block 
operation at the Step 28, and thereafter, to always return the 
normal operation through the operation for outputting the zero 
vector at the Step 2 6. without directly performing the reset to 
the normal operation. 

The first reference value I x is set to have a slightly 
higher level than the level of a rated current value. In other 
words, while the first reference value I 2 exceeds the rated 
current value due to a sudden acceleration/deceleration or a 
fluctuation in a load, it is permitted in a short time. 
Accordingly, the controller 1 waits for the current value I to 
be decreased while outputting the zero vector, and returns to 
the normal operation if the current value I is smaller than the 
first reference value Ii- The vector itself in the P, N and 
O states is also output during a normal run. Therefore, this 
operation can be grasped as a part of the normal run. Therefore, 
it is possible to smoothly carry out the reset from the 
protecting operation to the normal run. ■ 

While the second reference value I z has a higher level 
than the level of the first reference value Ii, moreover, it 
is permitted in a very short time. A state in which the current 
value I is equal to or greater than the second reference value 
I 2 is generated when an operation exceeding the capability of 
equipment is to be carried out or due to a sudden change in a 
load. However, it is necessary to instantly return to the rated 
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current value- For this reason, the controller 1 does not bring 
the zero vector state in which the output current cannot be 
reduced rapidly but carries out the protecting operation using 
the base block. 

Furthermore, the third reference value I3 has a higher 
level than the level of the second reference value I 2 - In a 
state in which the current value I is equal to or greater than 
the third reference value I 3/ some abnormality is generated and 
it is necessary to carry out a release after confirming a safety. 
Therefore, the equipment itself is not automatically reset. 
This state will be hereinafter referred to as an emergency stop. 

Thus, the first to third reference values Ii to I 3 are 
set and the method of the protecting operation is switched 
depending on the measured current value I in such a manner that 
a reset to the normal run can be carried out immediately in case 
of a slight abnormality and the operation can be stopped 
instantly to ensure the safety in case of a serious abnormality. 
More specifically, in the case in which a load to be connected 
to the equipment is operated, it is necessary to meet a demand 
for safely carrying out a stop operation when some accident is 
caused without interrupting the run as much as possible. 

According to the multilevel PWM inverter control 
apparatus in accordance with the embodiment, when the current 
value I detected by the current detecting circuit 2 is equal 
to or greater than the first current value I lf the base block 
operation or the emergency stop operation is always executed 
after the zero vector state is brought. Setting is carried out 
to first bring the OOO state in the switching from the normal 
operation to the zero vector state. Even if the state of the 
switching unit which is obtained immediately before the 
execution of the protecting operation is any of P, N and O, 
therefore, a change in a voltage is reduced to be a half of the 
voltage of the DC power supply 3 so that the switching unit can 
be prevented from being broken down due to an overvoltage. 

Moreover, the states of P, N and 0 are used also in the 
normal operation. Consequently, it is possible to smoothly 
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carry out the reset from the zero vector states of PPP, OOO and 
NNN to the normal operation and to execute the protecting 
operation without requiring a complicated algorithm. 

Furthermore, the zero vector output operation is always 
carried out in the execution of the reset from the protecting 
operation to the normal operation. Therefore, it is possible 
to prevent the switching unit from being broken down due to an 
overvoltage in the execution of the reset from the protecting 
operation to the normal operation. 
(Second Embodiment) 

Next, description will be given to a PWM inverter control 
apparatus according to a second embodiment of the invention. 

The PWM inverter control apparatus according to the 
embodiment is different from the PWM inverter control apparatus 
according to the first embodiment shown in Fig. 1 in respect 
of only the control algorithm of a controller 1. in the 
following, therefore, the operation of the PWM inverter control 
apparatus according to the embodiment will be described with 
reference to a flowchart of Fig. 3. 

First of all, an output current is detected by a current 
detecting circuit 2 and a current value thereof is set to be 
I (Step 31), and the controller 1 compares the current value 
I with the second reference value I 2 (Step 32) . if the current 
value I is smaller than the second reference value I 2 at the 
Step 32, the controller 1 carries out a normal run (Step 33) . 
If the current value I is equal to or greater than the second 
reference value I 2 at the Step 32, the controller 1 stops the 
normal operation and outputs a zero vector for a safety (Step 
34). Herein, the controller 1 may output only an OOO vector 
in a zero vector. Next, the controller 1 carries out a 
protecting operation using a base block (Step 35) . Then, the 
comparison of the current value I and the second reference value 
I 2 is carried out again (Step 36} . If the current value I is 
equal to or greater than the reference value I 2 , the base block 
operation is continuously carried out* If the current value 
I is smaller than the second reference value I 2 at the Step 36, 
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the controller 1 outputs the zero vector (Step 37) and is 
thereafter returned to the normal run (the Step 33) . In the 
same manner as in the Step 34/ only the OOO vector in the zero 
vector may be output. By the execution of such a processing, 
the controller 1 is set to always carry out the operation for 
outputting the zero vector before a reset from the protecting 
operation to the normal operation. 

The embodiment supposes an application to a multilevel 
PWM inverter control apparatus in the case in which a motor 
connected to equipment having a small number of functions and 
a simple structure is to be controlled. For this reason, the 
base block operation is carried out instantly when an 
overcurrent is simply detected, and the zero vector started from 
OOO immediately before and after the base block operation is 
output when a reset from the base block operation to the normal 
run is to be performed. 

Also in the embodiment, in the same manner as in the first 
embodiment described above, a third reference value I 3 may be 
provided as a final protection and the inverter may be operated 
to emergently stop as the final protection or a time required 
for operating the base block may be integrated and an emergency 
stop may be carried out after the operation is continuously 
performed for a certain period or more. 

While the invention has been described in detail with 
reference to the specific embodiments/ it is apparent to the 
skilled in the art that various changes and modifications can 
be made without departing from the spirit and scope of the 
invention. 

The application is based on Japanese Patent Application 
( JP-A-2002-171256) filed on June 12, 2002 and contents thereof 
are incorporated by reference- 
< INDUS TRIAL APPLICABILITY> 

As described above, according to the invention, in the 
multilevel PWM inverter control apparatus, it is possible to 
produce an advantage that switching from a normal operation to 
a protecting operation can be safely carried out without 
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requiring a complicated control algorithm, and furthermore, the 
safety of an inverter body can be ensured and a smooth reset 
from the protecting operation to the normal operation can be 
performed when the reset is to be executed, and a power can also 
be supplied safely to equipment to be connected as a load. 



15 



